Summary The prevalence (lifetime occurrence) rate of cancers of the reproductive system (uterus, ovary, cervix and vagina) and breast cancer was determined for 5,398 living alumnae, 2,622 of whom were former college athletes and 2,776 non-athletes, from data on medical and reproductive history, athletic training and diet. The former athletes had a significantly lower risk of cancer of the breast and reproductive system than did the non-athletes. The relative risk (RR), non-athletes/athletes, for cancers of the reproductive system was 2.53. 95% confidence limits (CL) (1.17, 5.47 This study was suggested by the findings that strenuous exercise delays menarche (Frisch et al., 1980; Warren, 1980; Frisch et al., 1981) and that women dancers and athletes, including college athletes, have a high incidence of oligomenorrhoea and secondary amenorrhoca (Frisch et al., 1981; Dale et al., 1979; Frisch et al., 1980 
The relation of physical activity to risk of cancer in women has not been reported heretofore, as far as we know. We present here data on the prevalence (lifetime occurrence) of breast cancer and cancers of the reproductive system among living, former college athletes in comparison to their living classmates who were non-athletes in college.
This study was suggested by the findings that strenuous exercise delays menarche (Frisch et al., 1980; Warren, 1980; Frisch et al., 1981) and that women dancers and athletes, including college athletes, have a high incidence of oligomenorrhoea and secondary amenorrhoca (Frisch et al., 1981; Dale et al., 1979; Frisch et al., 1980) . These data raised the question, are there differences in the long term reproductive and general health of college athletes compared to college non-athletes?
Subjects and methods
The subjects were 5,398 living alumnae who responded to a detailed questionnaire sent We verified the selection of athletes and nonathletes by the respondents' replies to the questions on their college training, which included number and types of team, hours of training per day, number of times per week, number of years, whether year-round or not and length of break, and details of any physical activity independent of team, such as miles run per day and per week. Almost two-thirds (64.2%) of the athletes were on more than one college team; the mean number of teams was 2.6 + 0.03.
Details of questionnaire
Questions on college training are described above. Questions on pre-college athletic training included age at beginning of regular athletic training, number and type(s) of team(s), whether year-round or not, length of break, and whether pre-college training was more or less rigorous than college training. Questions on current exercise included type, number of hours per day and per week, and whether year-round or not.
In addition to the questions on athletics, the 14-page questionnaire requested detailed medical history, reproductive history from menarche through the menopause, including births and pregnancy outcome, smoking history, current health problems, height, weight, weight changes, and current diet. Age group (y) Figure 1 Prevalence rate of cancers of the reproductive system for athletes (0) and non-athletes (x ) by age group.
The age-adjusted rates (by the direct method) for cancers of the reproductive tract are 3.7 per thousand for the athletes compared to 9.5 per thousand for the non-athletes. The age adjusted RR is 2.62, with 95% CL (1.24 to 5.54) (Table II) . Figure 2 and Table I show that the prevalence rate of breast cancer is consistently lower for the athletes than for the non-athletes.
Breast cancer
The relative risk for non-athletes/athletes adjusted by multiple logistic regression is RR= 1.86, 95% CL (1.00, 3.47) (Table II) The age-specific rates for breast cancer of the non-athletes showed the pre-and post-menopausal pattern similar to other well-nourished Western populations (DeWaard, 1979) . The athletes, however, have a less steep rise in the perimenopausal period (Figure 2 (Figure 4 ) and an earlier age of natural menopause than non-athletes (Table III) . Pregnancy histories are similar between the two groups. A lower percentage of athletes used oral contraceptives and estrogens for the menopause than did non-athletes (Table III) .
A much higher percentage of athletes, (82.4%) were on teams in secondary school or earlier than were non-athletes (24.9%) in all age groups. About 74% of the athletes reported they now were exercising regularly year round, compared to 57% of the non-athletes.
Discussion
A remarkable result was that the subjects who had participated in organized athletic activity while in college had a lower lifetime occurrence rate of cancers of the reproductive system and breast cancer than their non-athletic classmates. (Young, et al., 1981b) . A slightly higher cumulative incidence rate is expected for college women compared to the general population (National Research Council, 1982b).
The later menarche of the athletes in all age groups is in accord with other studies of athletes (Frisch et al., 1981) . Their earlier age of menopause compared to non-athletes would also be expected because they are less fat. Both early menarche 30.0 - (Frisch & McArthur 1974; Sherman et al., 1981) and late menopause (Sherman et al., 1981) are < 30 30-39 40-49 50-59 60-69 70+ related to greater fatness. Pertinent to our results, a Age group (y) higher risk of cancer of the breast (Sherman et al., 1981; Miller & Bulbrook, 1980; Pike et al., 1981; 3 Mean (±s.e.) height, mean weight and DeWaard, 1981; Apter & Vihko, 1983) , and cancer ted mean percent fat/body weight for athletes of the endometrium (Grodin et al., 1973; Forney et nd non-athletes ( x) by age group. al., 1981) are associated with early menarche, (Apter & Vihko, 1983 ) later menopause and greater relative fatness (Forney et al., 1981) .
Since (Wyshak et al., 1984) .
The present-day small, but significant, difference 4 Mean age at menarche (± s.e.) by birthday in relative leanness between athletes and non-'see text), for athletes (0) and non-athletes (x) athletes may have existed long term, and been group. were on teams in secondary school or earlier, compared to only 24.9% of the non-athletes. Apter and Vihko (.1983 ) report that early maturers, (who were fatter than late maturers), had higher serum concentrations of oestradiol than the leaner, later maturing girls both before and after menarche, in relation to chronological age.
Fatness is associated with an increased extraglandular conversion of androgen to oestrogen (Grodin et al., 1973; Forney et al., 1981; Siiteri, 1981) and the metabolism of oestrogen to more potent forms, (Fishman et al., 1975) which have been observed in association with breast cancer (Schneider et al., 1982; Bradlow et al., 1983) . Also, excess body weight is associated with a diminished capacity of serum sex-hormone-binding globulin and an elevated percentage of serum oestradiol in the free state (Siiteri, 1981) . The latter may be related to increased risk of breast cancer (Moore et al., 1982) and cancer of the endometrium (Siiteri, 1981) .
There is some evidence that athletes with early training eat less fat than those trained at later ages (Frisch et al., 1981; Frisch, 1984) . Many studies show a relation between total intake of fat and risk of cancer (Hill et al., 1980; Cramer et al., 1984; National Research Council, 1982c) . About equal percentages of non-athletes and athletes reported they were restricting fat in their diet at present. The important difference for cancer risk, however, may be that many of the former athletes restricted themselves to low fat diets for four or five decades (National Research Council, 1982c) compared to more recent restrictions of diet by the non-athletes. Another possibility may be that girls who partake in pre-college training may be intrinsically healthier and more vigorous; they therefore may be more resistant to cancer immunologically, or in other unknown ways.
The former athletes have a slightly shorter interval (about 0.5 y) from menarche to age of first birth (Table III) which may contribute to a lower risk of breast cancer (MacMahon et al., 1973; Cairns, 1975) . There does not seem to be a breast cancer risk related to use of oral contraceptives (Miller & Bulbrook, 1980) , although there is now controversy about increased risk from long term use before age 25 (Pike et al., 1983; Gambrell, 1983) . In our study none of the breast cancer cases reported were diagnosed before age 30y. The majority of cases were reported by women age 50y and over; oral contraceptives were not available to these women when they were under 25 y. In accord with other studies, we found an increased risk of cancers of the reproductive system with use of oestrogens for menopausal symptoms (Jick et al., 1979) , and that smoking was a risk factor (Winkelstein et al., 1984) .
We conclude that long term athletic training establishes a life style which somehow lowers the risk of breast cancer and cancers of the reproductive system. The data for breast cancer are consistent with migrant studies, which show that rates of breast cancer increased only in the second and subsequent generations, suggesting that acculturation has to occur early in life for an effect to be manifest (Miller & Bulbrook, 1980) . The observed reduction in cancer risk associated with physical exercise has potential for public health and warrants further investigation.
